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© A power supply apparatus for a vehicle includes 
an alternator (1) for generating an output voltage for 
charging a first battery (10) and a second battery 
(12) having a higher voltage than the first battery. 
The output voltage of the alternator is controlled by 
a voltage regulator (8) in accordance with the rota- 
tional speed of the alternator. When the rotational 
speed is in a low speed range, the voltage regulator 
(8) controls the output voltage of the alternator (1) to 
a frist value suitable for charging the first battery 
(10). When the rotational speed is in a high speed 
range, the voltage regulator (8) controls the output 
voltage of the alternator (1) to a second value higher 
than the first value and suitable for charging the 
second battery (12). The output voltage of the al- 
ternator (1) is switched between the first value and 
the second value at a rotational speed at which the 
output power of the alternator (1) at the first output 
voltage equals the output power at the second out- 
put voltage. The apparatus may include a voltage 
converter (14) which reduces the output voltage of 
the alternator (1) to a voltage suitable for charging 
the first battery (10) when the alternator (1) is gen- 
erating power at the second voltage. Alternatively, 
when the alternator (1) is generating power at the 
second voltage, a point of the armature winding of 
the alternator having a voltage less than the output 
voltage of the alternator (1) may be connected to the 
first battery (10) to charge the first battery. 
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BACKGROUND OF THE INVENTION 

This invention relates to a power supply ap- 
paratus for a vehicle such as an automobile. More 
particularly, it relates to a power supply apparatus 
for a vehicle which can supply power at two dif- 
ferent voltages. 

A typical automotive vehicle is equipped with a 
power supply apparatus including a battery and an 
alternating current generator (referred to as an al - 
ternator for short) which can provide electrical 
power for electric loads in the vehicle and also 
charge the battery. Most commonly, the battery 
voltage is approximately 12 volts. A voltage of this 
level is satisfactory when the electrical load is 
relatively small. However, in recent years, the 
electrical load of new automobiles has been 
steadily increasing. For example, the demand by 
consumers for increased comfort has resulted in 
the addition of devices such as electric heaters for 
rapid defrosting of windshields or heaters for rapid 
heating of the passenger compartments. Further- 
more, the need to reduce exhaust emissions has 
resulted in the addition of electrical devices such 
as electric heaters for catalysts. All of these de- 
vices contribute to an increase in the overall elec- 
trical load. 

When the vehicle power supply generates a 
low voltage of approximately 12 volts, the large 
electrical load causes the current to become large, 
resulting in resistance damage to wiring and con - 
nectors and making it difficult to control the electric 
loads. 

Accordingly, vehicle power supplies capable of 
generating two different voltages have been pro- 
posed. In these power supplies, a high voltage is 
generated for loads for which a high supply voltage 
is advantageous, and a relatively low voltage, such 
as 12 volts, is generated for other loads, such as 
electrical lights for which a relatively low voltage is 
desirable in order to maximize the life span of the 
filaments. 

For example, Japanese Published Unexamined 
Patent Application No. 55-53152 discloses a 
power supply arrangement for a vehicle including a 
first electrical generator with an output voltage of 
approximately 12 volts and a second electrical 
generator with a higher output voltage. However, 
this arrangement has the drawback of requiring two 
generators, and in modern vehicles, the engine 
compartments are so crowded that it is difficult to 
find room to install an additional generator. It has 
the further drawback that the second generator 
increases the load on the engine and thereby in - 
creases the fuel consumption of the vehicle. 

Japanese Published Unexamined Patent Ap- 
plication No. 63-69500 discloses a power supply 
apparatus in which the alternating current output 



from a three-phase alternator is rectified to direct 
current and supplied to low -voltage loads, or else 
the alternating current output is increased in volt- 
age by a three - phase transformer and then recti - 

5 fied to a high voltage direct current for supply to 
high -voltage loads. However, this apparatus has 
the disadvantages of requiring a three-phase 
transformer and a rectifier for use with the trans- 
former, so the apparatus becomes expensive, and 

10 it becomes difficult to guarantee space for the 
apparatus within the engine compartment of a ve - 
hide. 

SUMMARY OF THE INVENTION 

15 

Accordingly, it is an object of the present in - 
vention to provide a power supply apparatus for a 
vehicle which can generate electrical power at two 
different voltages but which at the same time is 

20 compact, light-weight, and inexpensive. 

It is another object of the present invention to 
provide a power supply apparatus which can ef- 
fectively convert the inertia of a vehicle into elec- 
trical power during braking of the vehicle. 

25 A power supply apparatus according to the 

present invention comprises an alternator for gen - 
erating an output voltage for charging a first battery 
and a second battery having a higher voltage than 
the first battery. The output voltage of the alternator 

30 is controlled by a voltage regulator in accordance 
with the rotational speed of the alternator. When 
the rotational speed is in a low speed range, the 
voltage regulator controls the alternator such that 
its output voltage is a first value suitable for 

35 charging the first battery. When the rotational 
speed is in a high speed range, the voltage regu - 
lator controls the alternator such that its voltage is 
a second value higher than the first value and 
suitable for charging the second battery. The out- 

40 put voltage of the alternator is switched between 
the first value and the second value at a rotational 
speed at which the output power of the alternator at 
the first output voltage equals the output power at 
the second output voltage. 

45 The power supply apparatus may include a 

voltage converter which reduces the output voltage 
of the alternator to a voltage suitable for charging 
the first battery when the output voltage of the 
alternator is at the second value. Alternatively, 

50 when the alternator output voltage is at the second 
value, a point of the armature winding of the al- 
ternator having a voltage less than the output volt - 
age of the alternator may be connected to the first 
battery to charge the first battery. 

55 In one form of the present invention, the volt- 

age regulator controls the alternator so that its 
output voltage is the second value when the ve- 
hicle on which the apparatus is mounted is braking 



2 



3 



EP 0 539 982 A2 



4 



so as to convert the kinetic energy of the vehicle 
into electrical energy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a circuit diagram of a first embodi - 
ment of a power supply apparatus according to the 
present invention. 

Figure 2 is a circuit diagram of the voltage 
regulator 8 of Figure 1 . 

Figure 3 is a circuit diagram of the voltage 
converter 14 of Figure 1. 

Figure 4 is a graph of the electrical output 
power of the alternator of Figure 1 as a function of 
rotational speed. 

Figure 5 is a circuit diagram of a second em - 
bodiment of a power supply apparatus according to 
the present invention. 

Figure 6 is a circuit diagram of a third em- 
bodiment of a power supply apparatus according to 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A number of preferred embodiments of a 
power supply apparatus according to the present 
invention will now be described while referring to 
the accompanying drawings, Figure 1 of which is a 
circuit diagram of a first embodiment. This em - 
bodiment includes a three-phase alternator 1 
which is driven by an unillustrated engine of a 
vehicle such as an automobile. The alternator 1 
includes armature windings 2 mounted on the sta- 
tor of the alternator 1 and a field winding 3 moun - 
ted on the rotor of the alternator 1. The armature 
windings 2 are connected to a first rectifier 4 and a 
second rectifier 5 connected in parallel with the 
first rectifier 4. Both rectifiers 4 and 5 perform full - 
wave rectification of the alternating current output 
of the armature windings 2. The first and second 
rectifiers 4 and 5 are of conventional structure and 
comprise diodes 4a - 4f and 5a - 5c. It can be 
seen that the two rectifiers share a common set of 
diodes (diodes 4d - 4f), but a different arrange- 
ment is possible, such as one in which each recti - 
fier comprises 6 diodes. The first rectifier 4 has a 
first output terminal 6 and the second rectifier 5 
has a second output terminal 7. The rectifiers 4 
and 5 can be built into the alternator 1 or can be 
separate elements. 

The output voltage of the alternator 1 and 
therefore the voltage at the output terminals 6 and 
7 is controlled by a voltage regulator 8, which 
adjusts the current through the field winding 3. The 
voltage regulator 8 has a first terminal 8a con - 
nected to one end of the field winding 3, a second 
terminal 8b connected to the other end of the field 



winding 3, a third terminal 8c connected to the 
second output terminal 6 of the second rectifier 5, 
and a fourth terminal 8d which is grounded. 

The first output terminal 6 is connected to the 

5 positive terminal of a first battery 10 through an 
electrical switching element in the form of a switch 
15, and the negative terminal of the battery 10 is 
connected to terminal 8d of the voltage regulator 8. 
The first battery 10 has a relatively low voltage, 

w such as 12 volts, and provides electrical power for 
a low voltage load 11 connected in parallel with the 
first battery 10. The low voltage load 1 1 can be any 
of the electrical equipment of the vehicle, such as 
lights, for which a supply voltage on the order of 12 

75 volts is suitable. 

The second output terminal 7 of the second 
rectifier 5 is connected to the positive terminal of a 
second battery 12, the negative terminal of which is 
connected to terminal 8d of the voltage regulator 8. 

20 The second battery 12 generates a higher voltage 
than the first battery 10, such as 24 volts, and 
provides power to a high voltage load 13 con- 
nected in parallel with the second battery 12. The 
high voltage load 13 can be any of the electrical 

25 equipment of the vehicle for which a relatively high 
voltage on the order of 24 volts is suitable. 

The voltages of the first and second batteries 
10 and 12 are not restricted to any particular val- 
ues, such as 12 and 24 volts, and can be selected 

30 in accordance with the requirements of the equip - 
ment to be powered by the batteries. 

A voltage converter 14 is connected between 
the second rectifier 5 and the first battery 10. It has 
an input terminal 14a connected to the second 

35 output terminal 7, a ground terminal 14b connected 
to terminal 8d of the voltage regulator 8, and an 
output terminal 14c connected to the positive ter- 
minal of the first battery 10. The voltage converter 
14 reduces the input voltage applied to terminal 

40 14a and applies the reduced voltage to the first 
battery 10 from output terminal 14c. In this em- 
bodiment, the output voltage of the voltage con- 
verter 14 is roughly one -half the input voltage. 
The switch 15 is opened and closed by a 

45 controller 20 based on the rotational speed of the 
alternator 1 . The switch 1 5 is closed below a pre - 
determined rotational speed and opened above the 
predetermined rotational speed. 

The structure of the switch 15 and the con- 

50 trailer 20 is not critical, and any form of switching 
element can be employed for the switch 15. For 
example, the switch 15 could be a magnetic con- 
tactor operated by a control signal from the con - 
trailer 20, and the controller 20 could be an elec- 

55 tronic device which determines the rotational speed 
of the alternator 1, either by directly sensing the 
rotation of the alternator 1 or some portion of the 
engine, or by receiving an input signal from an 
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unillustrated rotation sensor. Alternatively, the 
controller 20 could be a mechanical device which 
mechanically switches the switch 15 when centri- 
fugal force acting on the controller 20 due to rota- 
tion of the alternator 1 exceeds a prescribed level. 

The voltage regulator 8 need not have any 
particular structure and can be of conventional 
design. Figure 2 illustrates an example of a circuit 
which can be employed as the voltage regulator 8. 
It includes a power transistor 80 having a collector 
connected to terminal 8a, an emitter connected to 
terminal 8d, and a base connected to terminal 8b 
through a base resistor 81. A control transistor 82 
has a collector connected to the base of power 
transistor 80 and an emitter connected to terminal 
8d. The control transistor 82 switches the power 
transistor 80 on and off. The anode of a Zener 
diode 83 is connected to the base of control tran- 
sistor 82. When the Zener diode 83 is in reverse 
breakdown, it drives the control transistor 82. A first 
pair of voltage dividing resistors 84 and 85 are 
connected in series between terminal 8b and 8d, 
and a second pair of voltage dividing resistors 86 
and 87 are connected in series between terminals 
8c and 8d. The first voltage dividing resistors 84 
and 85 are selected so that the voltage at terminal 
8b will be a first regulated value (such as 14.5 
volts), and the second voltage dividing resistors 86 
and 87 are selected so that the voltage at terminal 
8c will be a second regulated value (such as 28.5 
volts) which is higher than the first regulated value. 
The first and second regulated values are not re- 
stricted to any particular ones, but the first regu - 
lated value is chosen to be higher than the voltage 
of the first battery 1 0 and lower than the voltage of 
the second battery 12, and the second regulated 
value is chosen to be higher than the voltage of the 
second battery 12. A diode 88 for preventing re- 
verse current flow has its anode connected to the 
junction of resistors 84 and 85 and its cathode 
connected to the cathode of the Zener diode 83. 
Another diode 89 for preventing reverse current 
flow has its anode connected to the junction of 
resistors 86 and 87 and its cathode connected to 
the cathode of the Zener diode 83. A suppression 
diode 90 has its anode connected to terminal 8a 
and its cathode connected to terminal 8b such that 
it is connected in parallel with the field winding 3. 

The voltage converter 14 can be any device 
capable of reducing the voltage at the second 
output terminal 7 to a prescribed level. Figure 3 is 
a circuit diagram illustrating an example of a circuit 
which can be used as the voltage converter 14. It 
includes a switching transistor 140 having a col- 
lector connected to input terminal 14a and an em- 
itter connected to output terminal 14c through a 
smoothing choke coil 141. The switching transistor 
140 is switched on and off by a signal supplied to 



its base by a drive circuit 145. A smoothing ca- 
pacitor 142 is connected between output terminal 
14c and ground terminal 14b. A suppression diode 

143 has its anode connected to terminal 14b and 
5 its cathode connected to the emitter of the switch - 

ing transistor 140. A resistor 144 for sensing the 
output voltage at the output terminal 14c is con- 
nected between an input terminal of the drive cir- 
cuit 145 and the output terminal 14c. Based on the 

10 output voltage sensed by the resistor 144, the drive 
circuit 145 generates a square wave which controls 
the duty cycle of the switching transistor 140 so as 
to obtain a constant output voltage at the output 
terminal 14c. The output of the switching transistor 

15 140 in the form of a square wave is smoothed and 
decreased in voltage by the choke coil 141 and the 
capacitor 142, and the smoothed output voltage is 
applied to the drive circuit 145 through the resistor 

144 as a feedback signal. 

20 The operation of the embodiment of Figure 1 

will be explained while referring to Figure 4, which 
illustrates the electrical output power of the al- 
ternator 1 as a function of rotational speed for two 
different output voltages. When switch 15 is closed, 

25 the voltage generated by the alternator 1 as it is 
driven by the engine of the vehicle will be such 
that the voltage of the first output terminal 6 is the 
first regulated value (14.5 volts), which is suitable 
for charging the first battery 10. At this time, there 

30 is no electrical output from the second output ter- 
minal 7, because even through the output voltages 
of the first output terminal 6 and the second output 
terminal 7 are the same, the higher voltage of the 
second battery 12 is applied to the second output 

35 terminal 7, so the output current from the second 
output terminal 7 is zero. At this time, the voltage 
regulator 8 compares the voltage at the junction of 
the first voltage dividing resistors 84 and 85 with 
the reverse breakdown voltage of the Zener diode 

40 83. When the voltage at the junction of resistors 84 
and 85 is higher than the reverse breakdown volt- 
age, the Zener diode 83 is turned on, the control 
transistor 82 is turned on, and the power transistor 
80 is turned off, thereby stopping the flow of cur- 

45 rent through the field winding 3. When the voltage 
at the junction of resistors 84 and 85 is lower than 
the reverse breakdown voltage, the Zener diode 83 
is turned off, control transistor 82 is turned off, and 
power transistor 80 is turned on to allow current to 

50 flow through the field winding 3. The first voltage 
dividing resistors 84 and 85 are selected so that 
the voltage at the junction thereof will equal the 
reverse breakdown voltage of the Zener diode 83 
when the voltage at terminal 8b equals the first 

55 regulated value of 14.5 volts, whereby the output 
voltage of the output terminals 6 and 7 is main - 
tained at the first regulated value. 
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The voltage at the positive terminal of the 
second battery 12 is applied to the input terminal 
14a of the voltage converter 14. However, the 
structure of the voltage converter 14 is such that at 
this time, the output voltage of the output terminal 
14c is lower than the voltage of the first battery 10, 
so no electric power is supplied from the voltage 
convert 14. 

When the rotational speed of the alternator 1 
reaches a prescribed value, the controller 20 opens 
the switch 15. As a result, terminal 8b of the 
voltage regulator 8 is cut off from the first output 
terminal 6, and only the voltage (12 volts) of the 
first battery 10, which is lower than the first regu- 
lated value (14.5 volts), is applied to terminal 8b. 
Therefore, the voltage at the junction of resistors 
84 and 85 falls below the reverse breakdown volt- 
age of the Zener diode 83. The Zener diode 83 
stops being driven, the control transistor 82 is 
turned off, and the power transistor 80 is main- 
tained in an on state, so the output voltage of the 
alternator 1 rises, and the voltage at output termi - 
nals 6 and 7 rises above the first regulated value of 
14.5 volts. 

The output voltage of the second output ter- 
minal 7 is applied to terminal 8c of the voltage 
regulator 8. Resistors 86 and 87 are selected such 
that the voltage at their junction will equal the 
reverse breakdown voltage of the Zener diode 83 
when the voltage at terminal 8c equals the second 
regulated value of 28.5 volts. Therefore, the output 
voltage of the alternator 1 will rise until the voltage 
at the second output terminal 7 reaches the second 
regulated value, and the voltage at the second 
output terminal 7 will be maintained at that voltage 
by the operation of the voltage regulator 8 as long 
as the switch 15 remains open. 

The output voltage of the second output ter- 
minal 7 is applied to the second battery 12 and the 
high voltage load 13. As the second regulated 
value is somewhat higher than the voltage of the 
second battery 12, the alternator 1 can charge the 
second battery 12 when the switch 15 is open. 

The output voltage of the second output ter- 
minal 7 is also applied to the input terminal 14a of 
the voltage converter 14. The voltage converter 14 
reduces this input voltage from the second regu - 
lated value of 28.5 volts to a voltage such as 14.0 
volts which is higher than the voltage of the first 
battery 10 (12 volts) but lower than the first regu- 
lated value (14.5 volts) and applies this voltage to 
the first battery 10 and the low voltage load 11 
from the output terminal 14c. Thus, the output 
voltage from the converter 14 can charge the first 
battery 10 without interfering with the operation of 
the voltage regulator 8, which can continue to 
maintain the output voltage of the second output 
terminal 7 at the second regulated value of 28.5 



volts. 

Figure 4 shows the relationship between the 
output power of the alternator 1 and its rotational 
speed for an output voltage of 14.5 volts (shown by 

5 curve I) and 28.5 volts (shown by curve II). At a 
rotational speed above point A where the two 
curves intersect, the higher output voltage yields a 
higher generated power. This is because in this 
type of alternator 1, the output current at high 

w speed operation saturates due to the size of the 
reaction magnetomotive force of the armature, 
while the output current does not depend on the 
output voltage. Thus, at high rotational speeds, the 
output power (the product of the voltage and the 

75 current) at an output voltage of 28.5 volts is ap- 
proximately two times the output power at an out- 
put voltage of 14.5 volts. However, as shown in 
Figure 4, in a low rotational speed region below 
point A, due to the magnetic flux required to 

20 maintain the output voltage, a higher output power 
is obtained at an output voltage of 14.5 volts than 
at 28.5 volts. The vehicle engine which drives the 
alternator 1 has a wide rotational speed range 
(from 700 rpm at idling up to 6000 rpm, for exam - 

25 pie), so an alternator is generally designed such 
that at an output voltage of 14.5 volts, it will provide 
adequate output power for the vehicle even when 
rotating at a speed (shown by point B in Figure 4) 
corresponding to idling of the engine. 

30 The controller 20 opens the switch 15 when the 

rotational speed of the alternator 1 is greater than 
or equal to the speed at point A in Figure 4 and 
closes the switch 15 when the rotational speed falls 
below the speed at point A, and the output voltage 

35 of the output terminals 6 and 7 is switched be- 
tween the first regulated value of 14.5 volts and the 
second regulated value of 28.5 volts at the rota- 
tional speed corresponding to point A. 

From the preceding description of the em- 

40 bodiment of Figure 1, it can be seen that a power 
supply apparatus according to the present inven- 
tion can generate two different output voltages us - 
ing only a single alternator. Since it requires only 
one alternator, the apparatus can be inexpensive, it 

45 can be light in weight and therefore not affect the 
fuel efficiency of a vehicle, and it can be compact, 
allowing it to be easily installed in an engine com - 
partment. Furthermore, as the output voltage of the 
alternator 1 is varied in accordance with the rota- 

50 tional speed of the alternator 1, the power gen- 
erated by the alternator 1 can be greatly increased 
at high rotational speeds compared to an alternator 
always operated at a low output voltage. 

In addition to controlling the switch 15 in ac- 

55 cordance with the rotational speed of the alternator 
1, the controller 20 may also be constructed so as 
to open the switch 15 during braking of the vehicle. 
As a result, loss energy of the vehicle can be 
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efficiently recovered as an electrical power source. 
Thus, in addition to the above - described increase 
in the output power of alternator 1 due to a high 
output voltage, the loss energy of the vehicle is 
recovered in the first battery 10 and the second 
battery 12. Braking of the vehicle refers to the state 
in which the inertia of the vehicle is transmitted in 
reverse from the wheels to the engine. The amount 
depends upon the operating conditions, but in 
general, on average, it is expected to be about 
15% of the operating time of the vehicle. 

Figure 5 illustrates another embodiment of the 
present invention. The overall structure of this 
embodiment is similar to that of the embodiment of 
Figure 1, and an explanation of parts already de- 
scribed with respect to Figure 1 will be omitted. In 
this embodiment, the converter 14 of Figure 1 is 
omitted, and the second output terminal 7 is not 
connected to the first battery 10 or the low voltage 
load 11. The switch 15 of Figure 1 is replaced by a 
switch 16 having terminals 16a - 16c. Terminal 
16a is connected to the first battery 10, the low 
voltage load 11, one end of the field winding 3, and 
terminal 8b of the voltage regulator 8. Terminal 16b 
is connected to the first output terminal 6 of the 
first rectifier 4. Terminal 16c is connected to a third 
output terminal 9, which is connected to a point on 
the armature windings 2 at which the voltage is 
one - half the output voltage of the alternator 1 , i.e., 
one half the voltage at output terminals 6 and 7. In 
this embodiment, the three-phase armature win- 
dings 2 are connected to one another by a Y- 
connection, and the third output terminal 9 is con- 
nected to the node of the Y- connection. The 
switch 16 has a movable contact 16d which is 
controlled by the controller 20 to switch between a 
position in which it connects terminal 16a with 
terminal 16b, and another position in which it con- 
nects terminal 16a with terminal 16c. As in the 
embodiment of Figure 1, the controller 20 controls 
the switch 16 in accordance with the rotational 
speed of the alternator 1. When the rotational 
speed is below that corresponding to point A in 
Figure 4, the movable contact 16d is connected to 
terminal 16b, and when the rotational speed is 
greater than or equal to that corresponding to point 
A, the movable contact 16d is connected to termi- 
nal 16c. 

The voltage regulator 8 may have a structure 
like that illustrated in Figure 2. When the movable 
contact 16d of the switch 16 is connected to ter- 
minal 16b, the voltage regulator 8 maintains the 
output voltage of the alternator 1 such that the 
voltage at the first output terminal 6 is the first 
regulated value, such as 14.5 volts, and when the 
movable contact 16d is connected to terminal 16c, 
the voltage regulator 8 maintains the output voltage 
of the alternator 1 such that the voltage at the 



second output terminal 7 is the second regulated 
value, such as 28.5 volts. 

The operation of the embodiment of Figure 5 is 
as follows. When the rotational speed of the al- 

5 ternator 1 is below a value corresponding to point 
A in Figure 4, the controller 20 controls the switch 
16 so that the movable contact 16d is connected to 
terminal 16b, and the output voltage of the first 
output terminal 6 is applied to terminal 8b of the 

10 voltage regulator 8. As a result, in the same man - 
ner as in the first embodiment, the voltage regula- 
tor 8 controls the current flowing through the field 
winding 3 of the alternator 1 so that the output 
voltage at the first output terminal 6 will be the first 

15 regulated value of 14.5 volts. 

When the rotational speed of the alternator 1 
reaches a value corresponding to point A in Figure 
4, the controller 20 switches the movable contact 
16d so that it is connected to terminal 16c, thereby 

20 connecting terminal 8b of the voltage regulator 8 to 
the third output terminal 9. The third output termi - 
nal 9 is connected to the node of the Y- connected 
armature windings 2, so the voltage of the third 
output terminal 9 is only half the voltage at the first 

25 output terminal 6. When the voltage of the third 
output terminal 9 is applied to terminal 8b, the 
voltage regulator 8 allows the output voltage of the 
alternator 1 to rise until the output voltage of the 
second output terminal 7, which is applied to ter- 

30 minal 8c of the voltage regulator 8, reaches the 
second regulated value of 28.5 volts. The voltage 
regulator 8 then controls the current in the field 
winding 3 so as to maintain the output voltage at 
the second output terminal 7 at the second regu - 

35 lated value. The output voltage of the second out- 
put terminal 7 is applied to the second battery 12 
to charge it. At the same time, the output voltage of 
the third output terminal 9 is applied to the first 
battery 10. This voltage is one -half the voltage at 

40 the second output terminal 7, i.e., it is one -half the 
second regulated value of 28.5 volts or 14.25 volts, 
so it is a suitable level for recharging the first 
battery 10. 

Thus, like the embodiment of Figure 1, this 
45 embodiment can generate two output voltages us- 
ing only a single alternator, and it can increase the 
output power of the alternator in a high speed 
range by increasing its output voltage. Thus, it 
provides the same benefits as the embodiment of 
50 Figure 1, and it has the further advantage that it 
does not require a voltage converter to provide a 
voltage for charging the first battery 10 when the 
alternator is operating at a high output voltage. 

In the embodiment of Figure 5, the switch 16 is 
55 operated in accordance with the rotational speed of 
the alternator 1. However, alternatively, the mov- 
able contact 16d of the switch 16 can be switched 
according to time so that the second battery 12 is 
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suitably charged, and switching control can be 
performed in accordance with the distribution of the 
required electrical power of the high voltage side 
and the low voltage side. 

Figure 6 illustrates another embodiment of the 
present invention. This embodiment is different 
from the previous embodiment only with respect to 
the manner of connecting the third terminal 9 to the 
armature windings 2. In this embodiment, the third 
terminal 9 is connected to the output end of any 
one of the three armature windings 2. It does not 
matter to which phase the third terminal 9 is con - 
nected. This manner of connection between the 
third terminal 9 and the armature windings 2 is 
easier than the manner employed in the embodi - 
ment of Figure 5. It has the drawback that the 
ripple factor of the direct current from the third 
output terminal 9 is increased, but the average 
voltage at the third output terminal 9 is one -half 
the output voltage at the second output terminal 7 
and so is suitable for charging the first battery 10. 
The operation of this embodiment is the same as 
that of the embodiment of Figure 5, and it provides 
the same advantages. 

Claims 

1. A power supply apparatus for a vehicle com- 
prising: 

an alternator having an armature winding 
and a field winding; 

first and second output terminals con- 
nected to the armature winding; 

a first battery; 

a switch connected between the first out- 
put terminal and the first battery and having 
first and second positions; 

a second battery connected to the second 
output terminal and having a higher voltage 
than the first battery; and 

switch control means for switching the 
switch between the first and second positions 
according to the rotational speed of the al- 
ternator. 

2. A power supply apparatus as claimed in claim 
1 further comprising voltage regulating means 
for controlling the alternator to maintain the 
voltage at the output terminals at a first voltage 
higher than the voltage of the first battery and 
lower than the voltage of the second battery 
when the switch is in its first position and 
maintain the voltage at the output terminals at 
a second voltage higher than the voltage of the 
second battery when the switch is in its sec- 
ond position. 



3. A power supply apparatus as claimed in claim 
2 wherein the switch is closed in the first 
position and is open in the second position. 

5 4. A power supply apparatus as claimed in claim 
2 further comprising voltage converting means 
connected between the second output terminal 
and the first battery for converting the voltage 
at the second output terminal to a lower volt- 

w age suitable for charging the first battery. 

5. A power supply apparatus as claimed in claim 
2 wherein the controller comprises means for 
setting the switch to the second position when 

75 the vehicle is braking. 

6. A power supply apparatus as claimed in claim 
2 further comprising a third terminal connected 
to the armature winding at a point having a 

20 voltage lower than the voltage at the first or 

second output terminals, wherein the switch is 
connected to the first output terminal and the 
third output terminal, and the first output ter- 
minal is connected by the switch to the first 

25 battery when the switch is in its first position 

and the third output terminal is connected by 
the switch to the battery when the switch is in 
its second position. 

30 7. A power supply apparatus as claimed in claim 
6 wherein the alternator is a three - phase al - 
ternator having first through third armature 
windings, each armature winding having a first 
end and a second end, the three armature 

35 windings being connected together at their first 

ends to form a Y- connection, the third termi - 
nal being connected to the first ends of the 
armature windings. 

40 8. A power supply apparatus as claimed in claim 
6 wherein the alternator is a three-phase al- 
ternator having first through third armature 
windings, each armature winding having a first 
end and a second end, the three armature 

45 windings being connected together at their first 

ends to form a Y- connection, the third termi - 
nal being connected to the second end of one 
of the armature windings. 

50 9. A power supply apparatus for a vehicle com - 
prising: 

an electrical generator adapted to be 
driven by an engine of a vehicle; 

first and second batteries connected to the 
55 alternator, the second battery having a higher 

voltage than the first battery; and 

voltage control means for controlling an 
output voltage of the alternator in accordance 
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with the rotational speed of the alternator to 
maintain a first output voltage higher than the 
voltage of the first battery and lower than the 
voltage of the second battery when the rota- 
tional speed of the alternator is in a first speed 
range, and to maintain a second output voltage 
higher than the voltage of the second battery 
when the rotational speed of the alternator is in 
a second speed range higher than the first 
speed range. 
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